Abstract: Land degradation is recognized as one of the major threats to the buffer zones of protected areas (PAs) in Vietnam. In particular, the expansion of land degradation into the PAs is exerting pressure on biodiversity conservation efforts. This degradation is partially the result of mismanagement: the utilization of the land is often unmatched with the inherent suitability of the land. Identification of the spatial distribution of suitable areas for cropland is essential for sustainable land-use recommendation. This paper aims to delineate the areas suitable for cropland in the Tam Dao National Park (TDNP) region using a GIS-based multi-criteria evaluation of biophysical factors and Landsat ETM + imagery. GIS is used to generate the factors, while MCE is used to aggregate them into a land suitability index. The results indicate the location and extent of crop farming areas at different suitability levels, i.e., most suitable (28.10%), moderately suitable (23.96%), marginally suitable (28.77%), and least suitable (19.17%). The current cropland covers 46.5% of the study area, while most and moderately suitable areas are estimated to be 52.06% of the territory. The results can be used to identify priority areas for crop farming and sustainable land-use management. The GIS-MCE approach provides an effective assessment tool for land-use managers working in protected areas of Vietnam.
Introduction
Protected areas (PAs) have become a universally adopted way of conserving biodiversity for a wide range of human values. Globally, 11.2% of the total forest area has been designated for the conservation of biological diversity [1] . A PA is defined as "an area of land and/or sea especially dedicated to the protection of biological diversity, and of natural and associated cultural resources, and managed through legal or other effective means" [2] . Though PAs are designed for biodiversity conservation goals, they are also important to the livelihoods of local communities, particularly of indigenous people who depend on the resources available in the PAs for their survival [3, 4] . In Vietnam, PAs are strongly affected by nearby rural communities because the people's livelihoods often heavily depend on land and forest resources from PAs [5, 6] . Driven by population pressure in the PAs' buffer zones, increasing demands of food, timber, and non-timber products have resulted in agricultural expansion into PAs [6] . To control agricultural expansion into PAs and ensure sustainable uses of land in the buffer zones, there is a great need to locate agricultural production activities to suitable locations to avoid ecological consequences. PA managers are often requested to identify the spatial distribution of suitable areas for cropland in the buffer zone. One way to achieve this identification is to employ a land suitability assessment (LSA) tool.
An LSA is a prerequisite for determining and locating future land uses [7, 8] . It is the process of determining the fitness of a given parcel of land for a defined use [9] . An LSA involves the selection of the biophysical or socio-economic factors, or both, of an area; the combination of the selected factors with the decision-maker's preferences allows one to create a composite suitability index [10] . Therefore, it can be conceptualized as a multiple criteria decision-making problem [11] . Boolean overlay and modeling approaches, such as neural networks and evolutionary algorithms, are recently developed methods for making LSAs in the GIS environment. However, these approaches lack a well-defined mechanism for incorporating the decision-maker's preferences into the GIS procedures [12] . This disadvantage can be solved by integrating GIS and multi-criteria evaluation (MCE) methods. The MCE is an effective tool for multiple criteria decision-making issues [12] . The purpose of the MCE is to investigate a number of choice possibilities in light of multiple criteria and multiple objectives [13] . Integration of the MCE and GIS (GIS-MCE) can help land-use planners and managers to improve decision-making processes [14] . GIS enables the computation of assessment factors, while MCE aggregates them into a land suitability index.
This study aims to delineate the areas suitable for cropland through a GIS-based MCE approach using biophysical factors and the 2007 Landsat ETM + imagery for the Tam Dao National Park (TDNP) region, Vietnam. We believe that biodiversity conservation efforts can be improved if priority areas for crop farming and sustainable land uses in the buffer zone are modified based on a comprehensive land evaluation. We selected the TDNP region as a case study because this region is the last remaining primary forest nearby Hanoi, the capital of Vietnam. It contains a rich biodiversity, but several species are known to be threatened by habitat destruction due to agricultural expansion [15] .
Methods

Study Area
The TDNP region is one of the most important protected areas in Vietnam. This region is situated in the northern part of Vietnam (Figure 1 ). It is considered to be one of the best and largest rainforest habitat examples in Vietnam. It is endowed with a diversity of insects, butterflies, birds, medical plants, and rare animals [16] . A recent biological survey identified 1,436 plant species and 1,141 animal species [15] . Map of Vietnam [6] Water Settlement Road
The region is characterized by a tropical monsoon climate with a mean annual rainfall of around 2,600 mm, and most of the rainfall occurs from April to October. The terrain of the area is mostly undulating with steep pediments, and the elevation ranges from 100 to 1,580 meters above mean sea level. The total study area spreads over 141,328 hectares; the area includes the TDNP (35,000 ha) and the buffer zone. The current land uses over the entire study area are primary forest, secondary forest, rain-fed agriculture, paddy rice, settlement, and water. Deforestation due to illegal logging and agricultural expansion has been causing serious land degradation ( Figure 2 ) because most of the 200,000 people residing in the buffer zone of the TDNP generate their incomes from small-scale farming. Aside from agricultural production, few economic activities exist in the area [17] . Currently, the main challenge for the buffer zone is to ensure food production for the growing population while supporting biodiversity conservation goals. The cropland was chosen for this investigation because the expansion of cropland influences the sustainability of the TDNP. 
Input Data and Landsat Image Processing
The input data used for this study was based on the selected evaluation factors discussed in the next part. They include a topographical map, soil map, water resource map, road network map, and park boundary map (Table 1) . These data were used for delineating areas suitable for cropland. Landsat satellite images were used to derive the current land-use map to analyze spatial matching between the current land uses and suitability patterns.
Once the databases were collected, thematic maps were developed for each factor. A digital elevation model (DEM) was constructed using a contour map with a scale of 1:50,000 and an interval of 20 meters. The slope factor was derived from this DEM. Soil texture, soil depth, soil organic matter and soil pH factor maps were extracted from the digitized soil map with a scale of 1:100,000. The distances to water, roads, and the park boundary were generated from the water, road network, and park boundary maps, respectively. The resolution of all raster factor maps was set at 30 m × 30 m.
The Landsat satellite images acquired in 2007 were used to derive the recent land-use map. Six bands (bands 1-5 and 7) were processed to derive the land-use map. The image was rectified to a common UTM/WGS84 coordinate system that is based on the topographic map. The clusters of pixels representing various land-use types were identified as training sites that are based on unsupervised classification, an existing land-use map, and the knowledge of the authors on the relative locations of land-use types. After all training sites were identified and digitized by the on-screen method, the class signatures were generated. A maximum likelihood method was used to classify these images into the land-use map. The accuracy of the classified map was investigated. A stratified random sampling design was employed to identify 270 locations (pixels) for field data collection. During the field trip, GPS equipment was used to trace geographical data, and a digital camera was used to record the views of the locations for lab analysis. 
Multi-Criteria Evaluation
The GIS-MCE procedure for the cropland suitability assessment in the TDNP region included several stages that are framed in Figure 3 . The determination of the relevant factors was the starting step in the assessment and was followed by standardizing the factors, weighting the factors, combining the factors with their weights, and finally spatially matching between the suitability map and the current land-use map. The procedures and algorithms available in IDRISI Taiga [18] were employed to implement the assessment.
Initially, the factors were selected based on their relevance to the suitability of cropland and the availability of databases. The selection of factors is a technical process that is based on expert knowledge or empirical research. We selected 12 experts to be involved in the assessment, who were between 30 and 50 years of age. They participated in selecting the factors, identifying the suitable ranges of the factors, and evaluating the weights of the factors. They include five agronomy experts, five soil experts, and two forestry experts. Eleven of the experts have bachelor's degrees, and one expert has a master's degree. These experts have worked at least five years at the office of the TDNP and have worked for the district department of agriculture and rural development in the region. After discussion with the experts during the field survey period, nine factors (slope, elevation, distance to water, soil organic matter, soil depth, soil pH, soil texture, distance to roads, and distance to the TDNP boundary) were identified to be most relevant for the suitability assessment of crop growing areas in the region. The elevation, slope (terrain), and the distance to water are important determinants of cropland suitability because the terrain often has a relationship with soil fertility as well as with the vulnerability of soil to degradation. The slope relates to the retention and movement of soil particles and the rates of runoff and soil erosion; therefore, it closely regulates the soil quality condition. The soil characteristics (soil organic matter, soil depth, soil pH, and soil texture) represent the soil nutrients and water availability for crop growth. The distance to roads is important for crop production because it relates to the transportation cost of input and output items. The distance to the park is defined as the suitability that is monotonically reduced in areas closer to the park boundary. This variable is included in the land suitability assessment because cultivation areas closer to the park may alter more seriously the environmental quality of the protected area. As the factor maps were measured in different original scales, these maps have to be standardized to a uniform suitability rating scale. The MCE method used requires that all factors must be standardized. The standardization transforms the disparate measurement units of the factor maps into comparable suitability values [18] . The fuzzy membership function (FMF) approach was applied to standardize the factors. This method provides a useful means of dealing with uncertainty that results from the imprecise boundaries between suitability classes [19, 20] . An FMF is characterized by a fuzzy membership grade that ranges from 0 (non-membership) to 1 (complete membership) [18] . For each factor, it was defined that the least suitable level is 0, and the most suitable level is 1. Several FMFs can be used to standardize the factors. The sigmoidal fuzzy membership function is one of the most widely used fuzzy membership functions in land evaluation [18] . In this study, sigmoidal monotonically decreasing fuzzy membership function (SMDFM) and sigmoidal monotonically increasing fuzzy membership function (SMIFM) were employed. Higher values in elevation, slope, distance to water, and distance to roads would indicate continuously decreasing suitability; therefore, the SMDFM was used to standardize these factors. On the other hand, higher values in the factors of soil organic matter, soil depth, soil pH, and distance to the park boundary would show continuously increasing suitability; thus, the SMIFM was used to standardize these factors. Suitable values for soil texture were assigned according to each textural class. The detailed descriptions of sigmoidal FMFs can be found in [18] . To apply the FMF, the suitable ranges of the factors that define the lowest and greatest suitability levels were determined based on the experts, and somewhat similar studies had been successfully conducted for cropland suitability assessment [21] [22] [23] (Table 2 ). Suitable ranges for the factors were identified according to the opinions of the experts, and they were also verified by our field visits. Figure 4 shows the results of the standardized factor maps. A standardized factor map consists of pixels with continuous scores varying from 0 to 1. A higher pixel score indicates a higher suitability level for that pixel. The evaluation of suitability involves many factors, and each should be weighed according to its relative importance for the growth conditions of crops. The weight of each factor was estimated from a pairwise comparison matrix (PWCM) constructed according to a pairwise comparison method (PCM) ( Table 3 ). The PCM developed by references [24, 25] , in the context of a decision-making process known as the analytical hierarchy process, is the most commonly used method [26] . In the PWCM, a pairwise comparison is a rating of the relative importance of the two factors regarding the suitability of the cropland. The PWCM method uses a scale with values from 9 to 1/9 to rate the relative importance of the two factors. A rating of 9 indicates that in relation to the column factor, the row factor is more important. On the other hand, a rating of 1/9 indicates that relative to the column factor, the row factor is less important. In cases where the column and row factors are equally important, they have a rating value of 1. In determining the ratings, 12 experts, as previously described, worked as a group to determine the ratings of the factors. To reach agreement in rating the relative importance of the factors, a majority rule was applied. This means that each rating in the pairwise comparison matrix was compared and decided based on the agreement of the majority of experts. In the context of the workshop for determining the relative importance of the factors, a description of the evaluation purpose, an identification of the set of relevant factors, and an explanation of a PWCM and completion procedure were carried out. After discussion and careful examination of the set of factors, the group made all the pairwise comparisons for the set of factors. The PWCMs developed are shown in Table 3 . The weights of the factors were then calculated from these PWCMs. The consistency ratios (CRs) of 0.000 to 0.087 for the table were within the acceptable level [24, 25] . According to references [24, 25] , the calculated CR must be less than 0.1, which is the acceptability cut-off. This means that if the computed CR is less than 0.1, the calculated weights of the factors are consistent. If the calculated CR is more than 0.1, the pairwise comparison matrix needs to be re-evaluated, and the weights of the factors also need to be re-calculated accordingly. An example of spreadsheet calculations for the CR of overall site suitability factors for cropland is shown in Table 4 . The points (a) and (b) show the calculation of the factor weights. The parts (c), (d), and (e) show the calculations of the CR. (c) Compute lambda ( λ ) by the following steps [14] : (1) determine the weighted sum vector by multiplying the weight of the TW, the weight of the SQ, and the weight of the WP times the first column, the second column, and the third column of the values matrix, respectively, and finally, sum these values over the rows; (2) determine the consistency vector by dividing the weighted sum vector by the factor weights as per the following.
Step 1
Step 2 After the standardized factor maps and the weights of the factors were constructed and generated, the weighted linear combination (WLC) was used to combine the standardized factors and their corresponding weights to obtain an overall suitability map for the cropland [26] . All of the factors were combined as Grid result = ∑(Grid i × Weight i ). Grid i is the factor i, and Weight i is the relative weight of factor i. Specifically, the three factors of terrain and water, the four factors of soil quality, and the two factors of access to roads and the park were calculated by equations (1), (2) , and (3), and then they were all overlaid to produce the overall cropland suitability map according to Equation (4) . Finally, the recent land-use map and the suitability map were overlaid to analyze the spatial matching. A simple overlay technique was used between the land-use map and the suitability map, and then the statistics of the suitability classes for each land use were calculated. Figure 5 shows the suitability map for the cropland in the TDNP region. The map contains pixels with varying degrees of suitability from 0 to 1. A higher pixel score shows a higher suitability level. The map was re-classified, for easier representation, into four classes based on the structure of the FAO suitability classification [27] : the most suitable (0.75-0.96), the moderately suitable (0.5-0.75), the marginally suitable (0.25-0.5), and the least suitable (0-0.25). The most suitable is the land with minor limitations that do not significantly affect crop farming. The moderately suitable is the land with limitations that, in aggregate, are moderately limiting to crop farming. The marginally suitable is the land that has limitations, which, in aggregate, are severely damaging to crop farming. The least suitable is the land with limitations that, in aggregate, are very severely damaging to crop farming. The extent of each class is summarized in Table 5 . The result indicates that 28.10% of the total study area was found to be the most suitable class. These most suitable areas are mainly characterized by flatness, a nearness to water, and deep soil depth. The moderately suitable class was found to be 23.96% of the territory. Both the most and moderately suitable classes were 52.06% of the total area, whereas the existing cropland area was 46.5%. This result highlights that the most and the moderately suitable areas have been used for the cropland in the region. The least suitable and marginally suitable classes were 19.17% and 28.77%, respectively. These areas are often located in areas with steepness, low soil depth, and less water access. If the farmers are forced to reclaim land for agriculture due to population pressures, the marginally suitable areas that are highly vulnerable to soil erosion may be the target areas of the future. Different factors play different importance levels for the site suitability of cropland. The result of evaluating the relative importance of factors shows that the soil quality (soil organic matter, soil depth, soil pH, and soil texture) is the most important, followed by the terrain and water (slope, elevation, and distance to water) and access to roads and the park (distance to roads and distance to the park boundary). The soil quality with a weight of 0.5247 is determined to have a major impact on the overall suitability because it regulates the storage of soil nutrients and the water-holding capacity, which are necessary biophysical conditions for crop growth. The topographical and water factor, with a weight of 0.3338, is the second contributor. The slope affects the retention and movement of water and soil particles, the rate of runoff, and accelerated soil erosion. These effects are closely linked to the soil quality conditions. Elevation relates to increased water-pumping costs for agricultural production. Water availability is very important for crop growing in the area. Natural lakes, ponds, streams, and rivers are major water providers for agricultural production in the area. Water resources in the region mostly depend on sources from the TDNP forest ecosystems. Therefore, there is a strong link between the conservation of native forest ecosystems and agricultural development in the region. The access to roads and the park plays a weaker role compared to the others. Road networks are significant for local communities by enhancing commercial agricultural activities and transportation. The distance to the park boundary affects the biodiversity conservation activity of the TDNP; therefore, it relates to the site suitability of cropland. The spatial matching offered valuable information to identify whether the land was optimally utilized in the region. The result of overlaying the suitability map ( Figure 6 ) with the land-use map of 2007 ( Figure 7) is presented in Table 6 . The accuracy of the land-use map based on Kappa statistics was 90.1%. The land-use map indicates that the major land uses are primary forest (25,459 ha), secondary forest (44,018 ha), rain-fed agriculture (41,117 ha), paddy rice (24,567 ha), settlement (3,130 ha), and water (2,947 ha), which account for 18.03%, 31.17%, 29.11%, 17.39%, 2.22%, and 2.09%, respectively, of the total study area. The primary forest that is mainly dense and native vegetation is mainly located in the park. The secondary forest includes both forest plantations and shrubs. The rain-fed agriculture is characterized by a mixture of crops, mainly soybeans, peanuts, vegetables, and maize. The paddy field is used only for rice production. Settlement consists of small As expected, the most suitable and moderately suitable areas were found in the existing rain-fed agriculture and paddy fields. The result indicates that 95.22% of the most suitable class was distributed over the rain-fed agriculture and the paddy rice, while only 3.37% of the class was located in the secondary forest. With respect to the moderately suitable class, 83.01% of the class was found in the rain-fed agriculture and the secondary forest, whereas only 15.94% of the class was located in the paddy rice. For the marginally suitable class, 71.37% of the class was found in the secondary forest. This class was also found in the primary forest (14.94%) and the rain-fed agriculture (12.55%). Finally, the least suitable class was mainly stretched over the primary forest. The most and moderately suitable areas have already been utilized for paddy rice and rain-fed agricultural crops. Although some of the rain-fed agricultural areas may cause land degradation due to soil erosion, these utilized lands may not be easily changed towards more sustainable uses, such as agro-forest farming or fruit trees, in the future because of the growing population in the area. It is important to note that the farmers are not aware of formal land suitability assessment methods, but they trust their own experience regarding land suitability. The farmers have a profound knowledge of their lands and classify the suitability of the land according to crop yield. Crop yield often correlates with biophysical factors of the soil, such as terrain, fertility, and water availability. In the study, the factors selected based on the opinions of the experts cover the farmers' perception; therefore, the assessment spatially matches with the majority of existing cropland.
Results
Discussion
In general, developing countries have adopted the North American approach to management of the PAs. This approach only emphasizes nature conservation [28] , but the livelihoods of local populations in nearby PAs have often been ignored [29] . The recognition of PAs as part of a broader socio-economic system [3] led to the concept of protected area-buffer zone land-use management. The maintenance of the local communities' livelihoods and conservation has been challenging the TDNP managers. It argues that sustainable land use may not be achieved in isolation because agricultural expansion and poverty are interrelated. Poverty is a primary cause of cultivation of large areas of sloping lands in the region, which is exacerbating land degradation. Therefore, land use policy and other development policies should be combined to improve the living standards of the poor; and thereby may reduce overexploitation of land resource and land degradation in the area.
An LSA is a preliminary stage for assessing whether land is likely to be practical and successful for sustainable development of the intended goals. In many cases, cropland has been promoted in areas that are unsuitable in terms of soil conditions. Due to increasing population pressures, agricultural expansion has been increasing in the TDNP region without consideration of the site suitability. To ensure sustainable land uses, there is a great need to allocate farming activities to suitable locations to prevent undesirable effects on biodiversity conservation efforts as well as land degradation in the region. TDNP and its buffer zone management documents were reviewed. The TDNP-buffer zone management emphasizes the integrity of the buffer zone and the TDNP, particularly regarding sustainable land uses in the buffer zone [15, 17] . Buffer zone land-use management affects the protected area because the environmental quality of the buffer zone is critical to maintaining the ecological functions of the protected area [30] . In the TDNP region, land is an important resource for the enhancement of the living standard of local people near the PA. Land-use management of the buffer zone is facing the issue of balancing agricultural development and forest conservation. The approach and results presented in this study may support land-use management decisions towards a more sustainable PA system. It is assumed that different crop farming strategies should be practiced according to the varying degree of suitability; therefore, we recommend farming strategies for four zones according to the four levels of suitability shown in the land suitability map. Sustainable land-use projects supported by local and central governments should be invested in accordance with each of the zones. We believe that if such farming strategies are introduced according to these zones, they can prevent further deforestation and improve the appropriate use of land in the buffer zone.
First, for the most suitable zone, most of the zone has been used for rain-fed agriculture and paddy rice. This zone is distributed over the lowlands around the region (Figure 6 ). Every household can improve their income if the productivity of crops is improved from this zone. Therefore, a greater intensification of crops, such as paddy rice and maize, should be encouraged to enhance agricultural productivity in this zone, and thus, the production pressure on the marginally suitable zone can be reduced. This strategy has been successfully implemented, and it can be arguably explained as one of main causes for the increase in reforestation across Vietnam [31] . However, some of the secondary forest (1,339 ha) was evaluated to be highly suitable for cropland. These areas may be converted into cropland due to population pressures. In such situations, agro-forestry systems (AFS) should be practiced. AFS, the combined use of crops and trees on the same area of land, plays ecological, social, and economic roles [32] . For example, AFS can reduce soil erosion and the loss of soil nutrients, improve landscape diversity [33] and generate income for farmers. If AFS is practiced, a state subsidy for farmers may be needed in the long-term because this system often generates less income [15] . The subsidy can be understood as a means of compensation for farmers because they contribute to conservation efforts through more sustainable land use. The state subsidy should become a common policy for all protected areas across the country.
Second, for the moderately suitable zone, the majority of the zone has also been used for rain-fed agriculture and paddy rice. The diversification of crops and AFS may be a strategic option for the moderately suitable zone. The current least productive rain-fed agriculture should be converted into perennial crops, such as tea and fruit trees. These crops can increase land coverage and thus can be a more sustainable land-use type. However, a large portion of the secondary forest was assessed to be moderately suitable for cropland (Table 6 ). This portion can be potentially converted into cropland. The conversion of this portion into cropland should be restricted because it is spread over steep land that is highly vulnerable to soil erosion. Third, the marginally suitable and unsuitable zones should be strictly restricted to agricultural activities because most of these zones are the primary forest and the secondary forest. This restriction may link with the reduced welfare of the population. This requires state support for people heavily dependent on natural resources for their well-being. For example, non-farming jobs, such as handy crafts and ecotourism, can be alternatives or additional livelihoods that should be considered.
Some concrete measures should be considered for the implementation of agricultural intensification and AFSs, which prevent further deforestation and land degradation in the region. It is argued that intensification and AFSs are the key activities that enhance sustainable land use. Crop intensification systems may minimize expansion of new cultivation area into the forest because they expect to increase agricultural productivity in the region. Measures for the intensification systems should aim to enhance the local farmer's capacity via support projects. These projects should focus on the irrigation system, hybrid crop varieties, soil nutrient management, and integrated pest management. Improvement of the irrigation system can trigger an increase in maize area in the winter season, and thus agricultural productivity is substantially increased. Introduction of hybrid crop varieties in combination with soil nutrient management and integrated pest management can be implemented through technical training courses for the farmers. For the sloping lands, there is a definite need of combining forestry, crop, and animal husbandry on individual farms to replace mono-cropping. These combinations can have a synergistic effect on the productivity of the land and its resilience to degradation. The AFS should be demonstrated in the first step of introduction because these systems are not commonly practiced by the farmers in the region. The purpose of the demonstration is to help the local farmers to acquire knowledge of how to efficiently utilize their sloping land. Both technical and financial supports are very important for the implementation of the systems. Agricultural extension workers should be employed for each commune or village because timely technical supports for the farmers are needed.
It should be noted that the land suitability map is intended to guide regional land use decisions. From the TDNP manager perspective, it can be used for a decision making process that allocates land to the uses that provide the greatest benefits of conservation of biodiversity and other ecosystem services. However, on a local scale, the farmers may not adopt the land use plan because the farmers' land use decisions are affected by several factors: mainly their economic conditions. Most farmers avoid bank loans if they have other investment choices. They commonly adopt low investment alternatives because self-subsistence farmers tend to adopt short-term objectives in nature, and they are likely to have a low priority for long-term benefits. This low investment involves enlargement of cultivation area, which contradicts conservation or maintenance of ecosystem services. The managers are confronted with the decisions to be made. This may require a negotiation process between the managers and the farmers. Once a consensus has been gained through negotiation, the practicality of the plan's implementation can be achieved.
Though the GIS-MCE approach provides an effective framework for land evaluation, the selection of assessment factors and the identification of a suitable range for each factor have a direct influence on the results. In this study, the factors were selected based on the local experts; therefore, they represent a considerable share of the factors relevant to the suitability of growing areas in the region. Moreover, the FMF approach was used to standardize the factors. The FMF approach is useful because it is good at dealing with land-use suitability classes that do not have clearly defined boundaries [34] . Therefore, the suitability map represents a more accurate result. In particular, the integration of spatial databases and expert knowledge significantly enhances the decision-making capacity when undertaking land suitability evaluations. Moreover, the approach highlights the participatory decision-making process [35] . Therefore, it can minimize and solve conflicts among competing interests in the area of protected area-buffer zone land-use management.
The GIS-MCE approach has been widely applied in land suitability analysis [12] ; however, the application of the method in protected area-buffer zone management is relatively new in Vietnam. GIS-MCE has shown the capacity, as a tool for decision support, in making choices among land-use alternatives. The MCE of soil, topography, and accessibility factors was exemplified to be useful for delineating areas suitable for cropland in the TDNP region. In particular, the involvement of local experts was vital to obtaining consistent results. The experts played key roles in the selection of the evaluation factors and in the determination of the factor weights. The remote sensing data offered land-use information that was crucial to examining the spatial matching between the potential suitability areas and the current land-use patterns. This information helped to identify whether the land has been used optimally, and whether future land uses can be modified for the region. The application of this paper can be useful for the managers and planners who manage protected area-buffer zone resources.
This investigation offered valuable information for the TDNP managers. The results can be used to prioritize land use management projects funded by local and central governments and other non-governmental organizations. The study shows that GIS databases of different formats and sources can be efficiently integrated to establish a land suitability assessment for cropland. The methodology is useful for identifying priority areas for crop farming, and thus, it contributes to improving the efficiency of conservation and of sustainable land management. The approach can be also handy for land use managers working in other Vietnam's protected areas that have similar conditions to the TDNP region. The land suitability information produced in the recent research is valuable. However, land use decisions are based on not only such information but also on other assessments, such as economic analysis of land uses and environmental impact assessments. Therefore, we recommend that future studies should consider these assessments to offer decision makers a comprehensive basis on which to orient their feasible strategy, and to make a sound decision towards a more sustainable TDNP.
